Effective microorganisms (EM), a culture of coexisting beneficial microorganisms predominantly consisting of species of photosynthetic and lactic acid bacteria, yeast and actinomycetes, has been developed by Japanese Scientists. In the present study effect of soil sterilization on performance of a commercial EM biofertilizer (EM Bioab), in improving crop growth and yield in wheat (Triticum aestivum L.) was studied in two types of organic amendments viz. farmyard manure (FYM) and Trifolium alexandrinum L. green manure (GM). Plant vegetative and reproductive growth and grain yield was better in heat-sterilized than in nonsterilized soil. EM application resulted an insignificant increase in root and shoot dry biomass and grain yield in heat sterilized FYM amended soil while in heat sterilized GM amendment it caused a significant reduction in grain yield. In nonsterilized soils EM application suppressed root and shoot growth at vegetative stage and had insignificant effect at maturity. Effect was more pronounced in FYM than in GM amendment. In nonsterilized FYM amended soil grain yield was also declined by 41% due to EM application.
Introduction
Upon discovery of chemical fertilizers and pesticides mankind thought of having won the battle against food shortage thereby ensuring survival of the human beings. Role of chemical fertilizers as source of plant nutrients and pesticides in plant protection is beyond doubt. However, indiscriminate use of these chemi-cals has often resulted in adverse environmental effects, disturbing the ecological balance of soils and making plants even more susceptible to pests and diseases. The residues of pesticides interrupt natural processes and ecosystems and pose menace to human and animal health. Such critical circumstances had drawn worldwide attention to the need of exploring more intensively the possibilities of increasing agricultural production with less dependency on costly off-farm input in an effort to make our agriculture sustainable. These fundamental concerns have led many agricultural scientists to find alternatives for increasing crop production, to meet food demand and to attain the self sufficiency (Shaxson 2006) .
In the recent past some successful efforts have been made to at least partially substitute chemicals with natural substances to minimize the bad effects of the synthetic agrochemicals. One such effort was made by Higa (1991) who isolated some beneficial microorganisms from the soil and called them Effective Microorganisms (EM). EM culture consists of co-existing beneficial microorganisms, the main being the species of photosynthetic bacteria (Rhodopseudomonas plastris and Rhodobacter sphacrodes); lactobacilli (Lactobacillus plantarum, L. casei and Streptococcus lactis); yeasts (Saccharomyces spp.), and Actinomycetes (Streptomyces spp.); which improve crop growth and yield by increasing photosynthesis, producing bioactive substances such as hormones and enzymes, controlling soil diseases and accelerating decomposition of lignin materials in the soil (Higa 2000; Hussain et al. 2002) . In Pakistan this technology of nature farming was introduced in 1990 by the Nature Farming Research Centre, University of Agriculture, Faisalabad, Pakistan. Numerous field and green house trials are indicative of the benefits of this technology for crop production, as a probiotic in poultry and livestock rations, and to enhance the composting and recycling of municipal/industrial wastes and effluents (Hussain et al. 1999) . At present Nature Farming Research and Development Foundation is disseminating this technology throughout the country. Three commercial products viz. EM Bioaab, EM Biovet and EM Biocontrol have been introduced to the farmers by this organization. EM Bioab is used in agricultural crops along with organic manures as a substitute of chemical fertilizers. EM Biovet is used in livestock and poultry production while EM Biocontrol is used in crops, vegetables and orchards for prevention and remedy of diseases and insect pest attack (Hussain et al. 2002) .
There are controversial reports regarding the effect of EM application on crop growth and yield. Many workers have reported increase in crop growth and yield by the application of EM (Daly and Stewart 1999; Yan and Xu 2002; Javaid 2006; Khaliq et al. 2006) . However, the investigations of other workers have revealed that the effect of EM on crop growth and yield was usually not evident or even negative especially in the first test crop (Bajwa et al. 1999; Daiss et al. 2008 ).
Certain soil properties and the indigenous soil microbial populations are often constraints to the establishment of EM cultures. Studies have shown that these constrains can be overcome through periodic repeated applications of EM at least during the first few years (Sangakkara et al. 1998; Javaid et al. 2002) . The present study was designed to evaluate the response of indigenous soil microorganisms to EM application in different soil amendment systems. For the purpose EM was applied to wheat grown in farmyard manure and green manure amended heat sterilized and nonsterilized soils.
Materials and Methods

Soil characteristics
Soil used in the experiment was sandy loam in texture having organic matter 0.9%, pH 8. 
Soil amendments
Experiment was conducted in earthen pots of diameter 20 cm, each containing 2 kg of soil. Two types of organic amendments viz. farmyard manure (FYM) and Trifolium alexandrinum green manure (GM) were mixed in the pot soil @ 5 g 100 g -1 and 4 g 100 g -1 of soil on dry weight basis. Pots were left for 30 days for decomposition of the manures. After 30 days, pot soil in 50% pots in each of the two amendment systems was heat sterilized at 120 ºC for 12 hours.
EM application
EM stock solution in the commercial name of EM Bioaab was obtained from Nature Farming Research and Development Foundation, Faisalabad, Pakistan. The EM contained high populations of lactic acid bacteria at 1 × 10 11 cfu ml -1 , photosynthetic bacteria at 1 × 10 6 cfu ml -1 and yeast 1 × 10 3 cfu ml -1 of suspension (Higa 2000) . The EM stock solution was diluted by adding water in the ratio of 1:1000. Pots containing sterilized and nonsterilized soils were irrigated with 300 ml of dilute solution of EM seven days prior to sowing. The non-EM treatments both in sterilized and nonsterilized soils were used as control.
Treatments
There were four treatments in each of the two soil amendment systems. These include i) -heat sterilized soil (HSS), ii) -HSS+EM, iii) -nonsterilized soil (NSS), and iv) -NSS+EM. Wheat seeds were surface sterilized with 1.0% sodium hypochlorite solution. Five seeds were sown in each pot, which were thinned to 2 uniform seedlings on emergence. Each treatment was replicated three times. Pots were arranged in a completely randomized design on a bench under a wire netting house under natural conditions of light and temperature. Plants were irrigated with tape water whenever required. The EM treated pots also received 300 ml of dilute EM solution in water (1:1000) at fortnight intervals along with irrigation water throughout the experimental period.
Data collection and statistical analysis
Plants were harvested 60 and 150 days after sowing corresponding to vegetative and maturity stages, respectively. The data regarding the number of tillers per plant, root and shoot biomass, and grain yield were recorded. All the data were analyzed statistically by applying ANOVA followed by Duncan's Multiple Range Test (Steel and Torrie 1980) to separate the treatment means.
Results and Discussion
Effect of organic amendments on soil characteristics
After one month of soil amendment with FYM and GM, soil was analyzed for various characteristics. FYM and GM amended soils were characterized with EC 1.9 and 1.4 mS cm -1 , pH 8. and Zn mg kg -1 , respectively.
Effect of organic amendments, sterilization and EM on plant vegetative growth
Soil amendments showed a significant effect on root and shoot biomass both at vegetative and maturity stages (Table 1) . In general shoot and root biomass was better in FYM than in GM amended soil at vegetative growth stage. At maturity, however, GM amended treatments generally showed greater shoot biomass than that of FYM amended treatments. It could be attributed to different mineralization Cereal Research Communications 36, 2008 rates and nutrient availability in the two soil amendment systems at different growth stages of the plant (Kautz et al. 2006) .
Soil sterilization also exhibited a significant effect on all the studied parameters of root and shoot growth (Table 1) . Root and shoot growth in terms of length and dry biomass, in both the soil amendment systems, was higher in heat sterilized than in nonsterilized soil at both the harvest stages (Table 2) . Sterilization removed deleterious microbes and also increased nutrient availability (Linderman 1992) . As a result crop growth in heat sterilized soil was increased. Serrasolsas and Khanna (1995) reported an increase in extractable N (organic and mineral forms) after heating to 120°C. Recently Endlweber and Scheu (2006) have reported an increase in plant growth of Plantago lanceolata after heating the soil to100 and 120°C, due to mobilization of ammonium, nitrate and phosphorus.
EM application showed variable effects in FYM and GM amended heat sterilized soils. In FYM amendment, an insignificant increase of 8% and 11% in shoot dry biomass was recorded at vegetative and maturity stages, respectively, due to EM application. The other plant growth parameters viz. shoot length, number of tillers and root biomass did not exhibited any pronounced response to EM appli- cation in heat sterilized FYM amended soil. In contrast to that, in heat sterilized GM amended soil, EM application resulted in 10% and 21% decline in shoot biomass at vegetative and maturity stages, respectively. A similar reduction in root biomass (61%) was also recorded at maturity stage (Table 2) . Earlier Bajwa et al. (2002) recorded a positive plant growth response of maize to EM application in FYM but not in GM amended HSS. In a similar study, Javaid et al. (1997) found a significant increase in crop growth and yield in pea in response to EM application in HSS. In the NSS, EM application adversely affected the root and shoot growth parameters up to 60 days growth in both the organic amendment systems. Effect was significant on shoot length and biomass in FYM amendment. At maturity EM application showed insignificant effect on root and shoot growth in either of the two amendment systems. These results are in line with the findings of some earlier workers who reported that EM application has little or even negative effect on crop growth during the initial period or first year of EM application (Bajwa et al. 1999; Priyadi et al. 2005; Daiss et al. 2008) . Generally, crop growth and yield tend to increase gradually by EM application as the subsequent crops are grown (Sangakkara et al. 1998; Javaid et al. 2002) . Imai and Higa (1994) stated that the observed decline in crop yields could often be attributed to the fact that soils, where conventional farming is practiced, have become disease-inducing or putre- and 40 g kg -1 dry soil, respectively), and effective microorganism (EM) application (lactic acid bacteria at 1.5 × 10 10 cfu kg -1 , photosynthetic bacteria at 1.5 × 10 5 cfu kg -1 and yeast 1. factive soils from long-term use of pesticides and chemical fertilizers. Consequently, it takes time to establish a disease-suppressive or zymogenic soil. Until this conversion process is completed, it is virtually impossible to exceed crop yields that were obtained with conventional farming methods. However, in contrast to our findings some earlier workers have found positive effects of EM application on crop growth and yield during the first year of EM application (Daly and Stewart 1999; Yan and Xu 2002; Xu et al. 2000) . According to Kinjo et al. (2000) the lack of consistency in results of the experiments regarding EM application may be due to variable cultural conditions employed in various studies.
Effect of organic amendments, sterilization and EM on yield
Similar to that of vegetative growth, reproductive growth in terms of number and biomass of spikes, and grain yield was higher in HSS than in NSS (Figs 1 and  2) . Response of spike length, number of grains per spike and 100 grain weight to EM application in heat sterilized soil was statistically insignificant. EM application had an insignificant effect on number of spikes both in HSS and NSS in either of the two soil amendment systems (Fig. 1A) . EM application failed to induce any pronounced effect on spike and grain biomass in HSS in FYM and in NSS in GM amendment. EM application reduced spike and grain biomass in NSS in FYM and in HSS in GM amendment. Adverse impact of EM application on yield was significant in GM amendment (Figs 1 and 2) . Effect of EM application in HSS and NSS on reproductive growth parameters was not parallel to its effect on vegetative growth parameters. The variable response of wheat to EM application in FYM and GM amended soils could be due to the fact that both the microbial biomass and dehydrogenase activity are influenced by the type of organic materials. Generally these parameters are higher in green manure than in farmyard manure amended soils. From the present as well as previous studies no definite conclusion can be drawn regarding the effect of EM application on crop growth and yield. Generally crop response varies with the change of soil type, cropping history, test plant species as well as source and amount of soil nutrients. It, therefore, requires further research to explore the more hidden facts regarding the effect of EM application on growth and yield of crops of economic importance.
